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(54) Controlled release powder and process for its preparation 

(57) A controlled release powder comprises microparticles with an average size in the range 0.1 to 125 pm, each of 
the microparticles being in the form of a micromatrix of an active ingredient uniformly distributed in at least one 
non-toxic polymer. The microparticles have a predetermined release of active ingredient when the dissolution rate 
thereof is measured according to the Paddle Method of U.S. Pharmacopoeia XX at 37°C and 75 r.p.m. The active 
ingredient may be especially a drug and also a herbicide, pesticide, sweetening or flavouring agent The powder 
can be encapsulated into gelatin capsules, or formed into ointments, suspensions etc 
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SPECIFICATION 

Controlled Release Powder and Process for Its Preparation 

This invention relates to controlled release formulations and, in particular, to sustained release 
powders consisting of discrete micro-particles. 
5 Many types of controlled or sustained release pellets are known which are loaded into capsules for oral 5 
administration. These pellets can be described as macro-particles and invariably have an average size 
greater than 400 urn. Such pell ets a re the subject for example, of the Applicants' EB-hA— 0 122 077, 
Ep A 0 123 470, E P A 0 156 077 and E P A 0 149 920. 

Sustained release pellets cannot be readily formulated as liquids. Sustained release liquids are 
10 desirable for use as geriatric and paediatric formulations. 10 

Various processes are known for the production of micro-spheres using solvent evaporation emulsion 
techniques. Known micro-encapsulation techniques are generally employed for phase transformation, such 
as for the conversion of liquids to solids Alternatively, such techniques may be used for protecting an 
active material, such as coating aspirin to mask its stomach irritant properties. 
1 5 Sustained release liquids are known which contain ion exchange resins. In such sustained release 1 5 

liquids the active ingredient is bound to an ion exchange resin in the form of a reversible complex and is 
displaced therefrom in vivo. Such sustained release liquids are described, for example, in French Patent 
Publication No. 2 278 325. 

rt is an object of the present invention to provide a controlled release powder of discrete micro-particles 
20 which can be readily formulated in liquid form but which can also be formulated in other sustained release 20 
forms such as tablets which have improved properties relative to the known forms. 

Accordingly, the invention provides a controlled release powder containing discrete micro-particles for 
use in edible pharmaceutical and other sustained release compositions, said powder comprising particles 
containing an active ingredient and optionally an excipient in intimate admixture with at least one non-toxic 
25 polymer, each of said particles being in the form of a micromatrix with active ingredient and the excipient, if 25 
preseent uniformly distributed throughout the polymer, said particles having an average size of between 
0.1 and 125 urn and having a predetermined release of active ingredient when the dissolution rate thereof is 
measured according to the Paddle Method of U.S. Pharmacopoeia XX at 37°C and 75 r.p.m. 

Preferably, the particles have an average size of between 5 and 1 00 um. 
30 The Applicants have coined the term "pharmasomes" for the micro-particles of the powder according 30 
to the invention and which term is used hereinafter in the Specification. 

The controlled release powders according to the invention can permit a sustained release of active 
ingredient as hereinafter demonstrated. 

Further preferably, the active ingredient is a drug, a nutrient a colouring agent, a fragrance, a herbicide, 
35 a pesticide, a flavouring agent or a sweetening agent 35 

The powder can be dispersed or suspended in a liquid vehicle and will maintain its sustained release 
characteristics for a useful period of time. Such dispersions or suspensions have both chemical stability and 
stability in terms of dissolution rate. 

The polymer may be soluble, insoluble, permeable, impermeable or biodegradable. The polymers may 
40 be polymers or co-polymers- The polymer may be a natural or synthetic polymer. Natural polymers include 40 
polypeptides, polysaccharides and alginic acid. A suitable polypeptide is zein and a suitable polysaccharide 
is cellulose. 

Representative synthetic polymers include alkyl celluloses, hydroxyalkyl celluloses, cellulose ethers, 
cellulose esters, nitro celluloses, polymers of acrylic and methacrylic acids and esters thereof, polyamides, 

45 polycarbonates, polyaJkylenes, polyalkylene glycols, polyalkylene oxides, polyalkylene terephthalates, 45 
polyvinyl alcohols, polyvinyl ethers, polyvinyl esters, polyvinyl halides, polyvinylpyrrolidone, 
polygtycolides, polysiloxanes and polyurethanes and co-polymers thereof. 

Particularly suitable polymers include: methyl cellulose, ethyl cellulose, hydroxypropyl cellulose, 
hydroxypropyl methyl cellulose, hydroxybutyl methyl cellulose, cellulose acetate, cellulose propionate 

50 {lower, medium or higher molecular weight), cellulose acetate propionate, cellulose acetate butyrate, 50 
cellulose acetate phthalate, carboxymethyl cellulose, cellulose triacetate, cellulose sulphate sodium salt, 
polylmethyl methacrylate), polyfethyl methacrylate), poly(butyl methacrylate), poly(isobutyl methacrylate), 
poiyfhexyl methacrylate), poly(isodecyl methacrylate), polydauryl methacrylate), poly(phenyl 
methacrylate), polylmethyl acrylate), pory(isopropyl acrylate), polyOsobutyl acrylate), poly{octadecy! 

55 acrylate), poly (ethylene), poly (ethylene) low density, poly(ethylene) high density, poly (propylene), 55 
poly(ethylene glycol), poryfethylene oxide), poly(ethylene terephthalate), polyvinyl alcohol), polyvinyl 
isobutyl ether), polyvinyl acetate), poly(vinyl chloride) and polyvinylpyrrolidone. 

Especially suitable co-porymers include butyl methacrylate isobutyl methacrylate co-polymer, high 
molecular weight, methylvinyl ether/maleic acid co-polymer, methylvinyl ether/maleic acid, monoethyl 

60 ester co-polymer, methylvinyl ether/maleic anhydride co-polymer and vinyl alcohol/vinyl acetate co- 60 
polymer. 

Representative biodegradable polymers include, polyglycolides, polylethylene terephthalate) and 
poly u ret hane. 

Representative acrylates and methacrylates are polymers sold under the Trade Mark Eudragit 
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When the active ingredient is a drug there is essentially no limitation on the type of drug which may be 

"^Renresentative active ingredients include antacids, anti-inflammatory substances, coronary dilators, 
rubral dilators, peripheral vasodilators, anti-infectives, psychotropics, anti-manics, sbmulants. anti- 
* Wsirnlnes laxatives, decongestants, vitamins, gastrointestinal sedatives, ant.-diarrt.eal preparations, 5 
SL^ina drugs, vasodilators, antwrrhythmics, anti-hypertensive drugs, vasoconstnctors and m.gra.ne 

anticoagulants and anti-thrombotic drugs, analgesics, anti-pyretics. hypnot.cs, sedatives, 
a^rnrfics, anti-nauseants, anticonvulsants, neuromuscular drugs, hyper- and hypoglycemic agents, 
fh^d and anti-thyroid preparations, diuretics, antispasmodics, uterine relaxants, m.neral and nutntional 

1 n additives anti-obesfty drugs, anabolic drugs, erythropoietic drugs, anti-asthmatics, bronchodilators, 1 0 

expectorants, cough supressants, mucolytics and anti-uncemic drugs. 

Tvoical active ingredients include gastro-intestinal sedatives such as metoclopramide and 
omoantheline bromide, antacide such as aluminium triplicate, aluminium hydrox.de and cimeOdine, 
antiinflammatory drugs such as phenylbutazone, indomethacm, naproxen, .buprofen. flurb.profen. 
15 diclofenac dexamethasone, prednisoneand prednisolone, coronary vasod.tetor drugs such as glyceryl 1 5 
Snrtrate isosorbide dinitrate and pentaerythritol tatranitrate, penpheral and cerebral vasod.lators such as 
soSdilum, vincamine, naftidrofuryl oxalate, ctwiergocrine mesylate, cydandelate. papavenne and 
nSnic acid, anti-infective substances such as erythromycin stearate, cephalexm, nal.dooc acd 
temSdine hydrochloride, ampicillin.flucloxacillin sodium, hexamine mandelate and hexam.ne h.ppurete, 

rrmlum sulfate, chlorpromazine, thioridazine, trifluperazine, fluphenazine. p.peroth.az»ne, halopendol, 
maorotinne hydrochloride, imipramine and desmethylimipramine, central nervous sfmulants such as 
memvlohenidate. ephedrine, epinephrine, isoproterenol, amphetamine sulfate and amphetamine 
hydrochloride, antihistamic drugs such as diphenhydramine, diphenylpyral.ne. ch lorphen.ram.ne and 
35 bro^mPheniramine, anti-diarrheal drugs such as bisacodyl and magnesium hydroxid^the laxabve drug, 25 

2 2S ^J?msulfosuccinate.^utritional supplemerrts such as aacoroicacrf, alpha tc^erol^.am^ 
and ovridoxine anti-spasmodic drugs such as dicyclomine and diphenoxylate, drugs affecting the rhythm 
nf the heart such as verapamil, nifedipine, diluazem, procainamide, disopyram.de, bretyliurn tosylate. 
auWdine sulfate and quinidine gluconate, drugs used in the treatment of hypertens.on such as propranolol 

hvdraSne drugsused in the treatment of migraine such as ergotemine. dmgs affecPng coagulaMrtyot^ 
Wood such as epsilon aminocaproic.acid and protamine sulfate, analgesic drugs such as acetylsahcyhc acd, 
aSteminophenrcodeine phosphate, codeine sulfate, oxycodone, dihydrocodeine tartrate, oxycodemone. 
momhine heroin, nalbuphine, butorphanol tartrate, pentazocine hydrochlonde.cyclazacne peth.dme, 

« bWenorohine, scopolamine and mefenamic acid, anti-epileptic drugs such as phenyto.n sod.um and 35 
sXmvalproate, neuromuscular drugs such as dantrolene sodium, substances usedm the^eatmentof 
diabetes such as tolbutamide, disbenase glucagon and insulin, drugs used in the treatment of thyroid gland 

Son such as triiodothyronine, thyroxine and propylthiouracil, diuretic drugs such as furosem.de, 
chlorthalidone, hydrochlorthiazide, spironolactone and triamterene, the utenne relaxant drug ntodnne, 

40 appetite suppressants such asfenfluramine hydrochloride, phentermine and d.ethylpropr.on 

h^dn^loride, anti-asthmatic and bronchodilator drugs such as am.nophYll.ne.theophyll.ne, salbutamol. 
oTciorenaline sulphate and terbutaline sulphate, expectorant drugs such as gua.phenes.n. cough 
suooressants such as dextromethorphan and noscapine. mucolytic drugs such as carboc.ste.ne, 
Sentics such as cetylpyridinium chloride, tyrothricin and chlomexidine, decongestant drugs such as 

45 Dhenvlpropanolamine and pseudoephedrine, hypnotic drugs such as dichloralphenazone and I n.trazapam, 
antinausea^ drugs such as promethazine theoclate. haemopoietic drugs such as ferrous sulphate, folic acd 
and calcium gluconate, uricosuric drugs such as sulphinpyrazone. allopurinol and probenecid. 

Particularly preferred active ingredients are: ibuprofen, paracetamol, 5-amino-salicylic acid, 
dextromethorphan, propranolol, theophylline, diltiazem. methyldopa. pseudoephednne, amet.d.ne, 

en cenhalexin cephaclor. cephradine, naproxen, piroxicam, diazepam, diclofenac, .ndomethaan, amoxycill.n, 
oTvamDicillin bacampicillin, dicloxacillin, erythromycin, erythromycin stearate, (.neomycin co-dergoenne 
mesvlate doxycycline, dipyridamole, frusemide. triamterene, sulindac, nifedipine, atenolol, lorazepam, 
glibenclamide, salbutamol, trimethoprim/sulphamethoxazole, spironolactone, carbinoxamine maleate, 
guaiphenesin, potassium chloride and metoprolol tartrate. 

55 Especially preferred active ingredients include theophylline, paracetamol and potassium chloride. 55 
The active ingredient may also be a saccharin for use in edible compositions wherein it is desired to 
obtain a controlled release of saccharin, such as, for example in chewing gums. The active ingredient may 
also be other sweetening agents, such as, for example, aspartame which is especially suitable for use in • 

60 Che The invention also provides a process for preparing the controlled release powder according to the 60 
invention which comprises: 

a) forming a solution of the polymer or polymers in a solvent; 

b) dissolving or dispersing the active ingredient in said polymer solution so as to form a uniform 
mixture; and 



40 



45 



60 



3 



GB 2 166 £51 A 3 



c) removing the solvent from the mixture so as to obtain micro-particles having an average size in the 
range 0.1 to 125 pm. 

The solvent is selected from water, alcohols, ketones, halogenated aliphatic compounds, halogenated 
aromatic hydrocarbon compounds, aromatic hydrocarbon compounds and cyclic ethers or a mixture 

5 thereof. S 
Especially preferred solvents include, water, hexane, heptane, methanol, etna nol, acetone, methylethyi 
ketone, methylisobutyl ketone, methylene chloride, chloroform, carbon tetrachloride, toluene, xylene and 
tetrahydrofuran. 

The choice of solvent or solvents will be dictated by the particular polymer or polymers selected. For 
1 0 example, suitable solvents for use with the celluloses are acetone or a mixture of methanol and methylene 1 0 
chloride. 

The concentration of the polymer in the solvent will normally be less than 75% by weight. Normally the 
concentration will be in the range of 10—30% by weight 

If the active ingredient is not soluble in the polymer solution the particle size of the active ing redient is 
1 5 reduced to less than 10 urn. The reduction of particle size may be achieved by milling, for example, by ball 1 5 
milling or jet milling. 

The active ingredient may, of course, be a liquid. 

The ratio of drug to polymer will vary within wide limits, such as within the range 0.1:10 to 10:1. 
The uniform mixture of the active ingredient in the polymer solution may be achieved by rapid and 
20 continuous mixing. 20 
The removal of the solvent and the formation of particles of the desired size may be achieved in a 
number of ways. 

1. Spray Drying 

The mixture of active ingredient and polymer in the solvent is sprayed into a stream of hot air in 
25 conventional manner. This causes the solvent to evaporate and the powder is collected in the spray drying 25 
vessel. 

The size of the particles may be controlled in a number of ways, for example, by p re-selecting the inlet 
and outlet temperature of the spray drying vessel; the rate of introduction of the spray, the size of the spray 
tip or the ratio of the concentration of active ingredient to polymer. 

30 2. Use of an External Liquid Phase 30 
The mixture of active ingredient and polymer, which is in the form of a solution or suspension, is 
poured into a liquid external phase. The liquid external phase comprises a solvent which is immiscible or 
partially immiscible with tfie active ingredient/polymer mixture. 

The choice of external liquid phase will be determined by the particular combination of active 
35 ingredient and polymer selected Suitable liquids for the external liquid phase include water, aqueous 35 
solutions, for example, sugar solutions, organic solvents, mineral oil, vegetable oils, fixed oils, syrups or 
silicones. The aqueous solution may include a thickening agent such as xanthan gum, to increase the 
viscosity thereof. Oils may be made more viscous by the addition of substances such as magnesium 
stearate. The external liquid phase may also comprise a solution of a different pH, for example, a buffer. 
40 The ratio of external liquid phase to polymer mixture will be at least 2:1. 4q 
Following addition of the active ingredient/polymer mixture to the external liquid phase, the two phase 
mixture obtained is emulsified, for example, by rapid mixing. The emulsion formed may be either stable or 
unstable. Globules of the active ingredient/polymer are thereby formed in the emulsion. 

The solvent may be removed in a number of ways. If the solvent is volatile it can be removed passively. 
45 For example, if the solvent is acetone it would normally be removed by evaporation during the mixing step. 45 
The particles formed are then harvested by filtration or centrifugation. 

The solvent can also be removed by heating while mixing the two phase mixture. For example, the 
solvent may be removed on a rotary film evaporator. The solvent may also be removed under vacuum with 
or without heating. Microwave drying may also be employed with or without the application of a vacuum. 
50 Another mode of solvent removal is freeze drying. 50 
After harvesting of the micro-particles, they will normally be given successive washings with a suitable 
solvent followed by drying. 

For example, when the solvent used is acetone and the external liquid phase is mineral oil, then the 
micro-particles will be given successive washings with hexane and dried at 45°C. * " " 
55 On a commercial scale emulsmcation of the mixture may be achieved by em unification with an in-line 55 
mixer or mixers. 

The particle size may be controlled in a number of ways. For example, the particle size may be 
controlled by the rate of mixing, the viscosity of the external liquid phase, the viscosity of the internal phase, 
the active ingredient particle size of the volatility of the solvent 

60 3. Other Methods for the Removal of the Solvent Include Phase Separation, Interfacial Polymer Deposition 60 
and Coacervation 

The optional excipient used in association with the or each active ingredient will frequently have an 
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activeroletopley*..^^^ 

example, glucose or one or more ■ . h fecmtate me aissolutio n of drugs which 

are poorly soluble in alkaline media. Such acids "^^^Sntrnay comprise one or more basic materials 
«^ 

rdudesodium -^^^ra^tnemTc^aS^^i "9 to me invention may be formulated 
10 Whenmeac^e.ngred.er^sadm^ 

in a wide variety ^^^^"^^SbSei. moulded tablets and melt tablets. The 
for example, coated teWets.eff^ 

gelatin capsules or hard Igetotorr "^"^ , positories , vaginal tablets and vaginal inserts. 

Other solid ^^?^5jJ^^^^^^g^^^^^^y^^^ boused in implants and ocular inserts. 

20 The particles 8utable iort0picai a PP ,ication ' aS ' for 

The ^ d ^^ n ^^^L^^^Z7 0 fBXBmp\e. in the form of transdermal patches. 

'^m^^ -V a '~ ba used 

pastes, gums, mucilages and jellies, microDarticles according to the invention include 

Hquidsforora^ 

30 t7^^^ s ^^^^ ons indude irrtravenous ' subcutaneous and 

analgS^P^^sTes. anVspasmodlcs, anti-nauseants, anti-histamines, anti-epi.eptics 

40 and ^" bi ^-. al|v - .u-bte , iau j d formulations according to the invention are non-aqueous suspensions 
^^^^SwwatSsSe active ingredients. Suitable drugs for formulating inthisway 
of highly water sohMe or water '^'"Me arave g ^ salt thereof or potassium chloride, 

include dextromemoiphan. guaiphenes.n ^°^°^ onStTate ^bafty both in chemical terms and in 
Tnel^uidfo™^^^^ 

45 ^nl'Su&S 

Heretofore many °™8s according to the invention offer versatility and the 

roP ^ib^ 

a0d ^Tteie'rnl sWnTfeature of the powders according to the invention is of significant importance in the 
« ^/medicine However this feature is of equal importance in vetermary medicine. For 

^ S^losiSetoadministersuch antibiotics orally to animals because it.s not poss.bleto 

55 ,s virtually SSteste Accordingly, such known oral formulations are rejected by animals. 

SU ^EnS^ aspect provides controlled release antibiotic 

fin blarelnmefo^^ , 60 

60 c are n£eS 

The powdersaccording to the invention can be used in pre-mixes for animal feedstuffs and other feed 
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3 ^Sdition to drugs, nutritional supplements such as vitamins can be administered orally to animals 
65 using the powders according to the invention. 
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Suitable veterinary preparations according to the invention include veterinary feeds, boluses, drenches 
and washes. 

In the agricultural field the powders according to the invention can also be used for preparation of 
controlled release herbicides and pesticides. 
5 In the cosmetics field one use of the controlled release powders according to the invention is as 5 
sustained release fragrance particles for use in talcum powders, creams, lotions and other cosmetic 
preparations. 

Each of the particles of the controlled release powder according to the invention represents a true 
micromatrix with the active ingredient and optionally one or more excipients uniformly distributed 

1 0 therethrough as depicted in Fig. 1 of the accompanying drawings which is a half-tone drawing prepared ■ 10 
from an electron micrograph of "pharmasomes" containing theophylline and prepared as described in 
Example 1 below. The theophylline can be observed to form veins or a labyrinth throughout the polymeric 
material of the "pharmasome". Rg. 2 is a harf-tone drawing prepared from an electron micrograph of the 
"pharmasomes" after the theophylline has been leached out by dissolution in water for 24 hours. One is left 

15 with a matrix structure of polymeric material. 15 
The micromatrix nature of the particles can also be demonstrated by their dissolution profile. Referring, 
for example, to Examples 1 and 2 hereinbelow, it is found that the dissolution rate (D) is directly 
proportional to the square root of time (t) according to the following equation: 

Davr 

20 after an initial burst of release of active ingredient which is considered to be active ingredient lying dose to 20 
the surface of the particles. The dissolution rate is dependent on the amount of active ingredient remaining 
in the particle matrix at any given time. Theoretically the last molecule of active ingredient never leaches 
out The dissolution rate is assumed to reach 100% at infinity. 

The particles according to the invention also have a degree of porosity which can be calculated from the 
25 absolute density of the particles measured on a pycnometer. The dissolution rate of the particles according 25 
to the invention is also found to relate to the degree of porosity of said particles. 

The microparticles according to the invention are to be distinguished from microcapsules in that in the 
latter the active ingredient is encapsulated by a polymer coating, whereas in the former the active 
ingredient is uniformly distributed throughout the polymeric material as described above and as indicated 
30 in Figs. 1 and 2 of the accompanying drawings. 30 
The invention will be further illustrated by the following examples. In the examples the dissolution rate 
of the various pharmaceutical formulations is measured by the Paddle Method of U.S. Pharmacopoeia XX 
at 37°C and 75 r.p.m., using 200 mg of sample per 900 ml of simulated intestinal fluid excluding enzymes. 

EXAMPLE 1 

3 5 Preparation of Micro-Particles Containing Theophylline 35 
Theophylline was ground in a motorised ball mill and then sieved through a 38 um mesh sieve. 
Cellulose acetate butyrate (CAB) was dissolved in acetone so as to give a concentration of CAB in 
acetone of 15% w/v. 

Hexane (20 ml) was added to an aliquot of the CAB solution (100 g) with constant stirring. 
40 A portion of the sieved theophylline (10 g) was then added to the polymer solution under constant 40 
agitation to ensure an even dispersion of the theophylline. This product constituted an internal phase for 
the subsequent emulsrflcation step. 

Magnesium stearate was dissolved in heavy mineral oil U.S. Pharmaceopoeia so as to achieve a 
concentration of 1.5% w/v. This solution was used as an external liquid phase. 150 ml of the external liquid 
45 phase was decanted into a tall 600 ml beaker and the internal phase prepared above was added thereto. 45 
Emulsrfication was achieved using a Silverson mixer (Silverson is a Trade Mark) at full speed for 2 minutes 
and then dropping the speed as required to achieve the desired particle size. 

The suspension of particles in the external phase was then introduced into a rotary evaporator and the 
acetone removed under vacuum. The suspension now consisted solely of polymer coated theophylline or 
50 "pharmasomes" suspended in the external liquid phase. On microscopic examination particle size was 50 
found to range from 1 0 to 180 m. 

/The pa rtides were centnfuged down and e ejrternal phase decanted. The particles were then washed 
repeatedly with heptane to remove the external liquid phase. The final product was then filtered and dried 
at 45°C for two hours. The particles were then sieved with mesh sizes of 50, 90, 125 and 180 um. The major 
55 proportion of particles were retained by the 90 um sieve. 55 
The dissolution rate of the 90—125 m fraction of the particles was estimated using the Paddle Method 
of U.S. Pharmacopoeia XX as indicated above. The results were as follows: 
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The particles were found to be tasteless with complete masking of the normally bitter taste of 
theophylline. 

15 EXAMPLE 2 _ _ 15 

Preparation of Micro-Particles Containing Paracetamol 

Example 1 was repeated except that 20 g of paracetamol was used in place of 10 g of theophylline. In 

the external liquid phase heavy mineral oil was replaced by light mineral oil. A major proportion of the 

oarticles had an average size of 90 urn. 
20 The dissolution rate of the particles was determined and was found to be as follows: 20 
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The particles were found to be tasteless, 
EXAMPLE 3 

Preparation of Micro-Particles Containing Nrfedi pine 
35 Example 1 was repeated except that 16 g of nifedipine was used in place of theophylline. The internal 35 
phase consisted of Eudragit RS 100 {Eudragit RS 100 is a Trade Mark) and methanol at a concentration of 
33% w/v.The external phase consisted of magnesium stearate in light mineral oil at a concentration of £5% 
w/v 

The dissolution rate of the particles formed was determined and was found to be as follows: 
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The particles were found to be tasteless. 
EXAMPLE 4 

1 0 Preparation of Micro-Particles Containing Dextromethorphan Hydrobromide j q 

Example 1 was repeated except that 10 g of theophylline was replaced by 10 g of dextromethorphan 
hydrobromide. 

The dissolution rate of the particles was determined and was found to be as follows: 
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EXAMPLE 5 

Preparation of Micro-Particles Containing Saccharin Sodium 

Example 1 was repeated except that theophylline was replaced by 6.5 g of saccharin sodium. The 
25 internal phase consisted of Ethocel (ethyl cellulose) (Ethocel is a Trade Mark) 45 cps dissolved in ethanol so 25 
as to give a concentration of 15% w/v. Saccharin sodium was added to 50 g of the polymer solution. The 
external liquid phase consisted of heavy mineral oil U.S. Pharmacopoeia. 

The dissolution rate of the particles was determined and was found to be as follows: 

Time (sec) % Release 



3D 5 60 30 

10 75 
15 89 
30 94 
60 100 

35 EXAMPLE 6 35 
Preparation of Micro-Particles Containing Pseudoephedrine Hydrochloride 

The procedure of Example 1 was repeated except that the theophylline was replaced by 10 g of 
pseudoephedrine hydrochloride. 50 g of CAB was used which was dissolved in 20 ml of hexane so as to 
form the polymer solution. 

40 The dissolution rate of the particles was determined and found to be as follows: 40 
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Time (h) % Release 

0.5 35 

1 55 

2 60 

5 3 68 5 

4 73 

5 80 

6 84 

7 90 

8 94 1 0 

10 

EXAMPLE? . . „ f . . , . o 
_ ^ Micro-Particles Containing Cerbinoxamine Maleate 
eP Sple 1 waT^Sd uSg carbinoxamine maleate in place of theophylline. The dissolution rate of 



Example 1 

the particles was determined and found to be as follows: 



15 



Time (h) % Release 15 



0.5 20 

1 25 

2 30 

3 45 



20 



25 EXAMPLE 8 



4 55 20 

5 65 

6 70 

7 73 

8 78 

25 



Preoaration of Micro-Particles Containing Guaiphenesin - n .^ rm i x , mar 
Smole 1 was repeated except that theophylline was replaced by gua.phenes.n (12.5 g).The po ymer 
soluSnsistXf Ettocel (Ethocel is a Trade Mark) (ethyl cellulose) 4 cps dissolved ,n ether so as to g.ve 

30 8 "^ex^S^ of an aqueous solution of sorbitol 70% w/w (sorbho. solution B.P.) 30 
Uponremovalofthesolventoftte^^ ^ 
suspended* the sorbitol solution.The particles were harvested by decanting the sorbrtol solution. The 
dissolution rate of the particles was determined and was found to be as follows: 



9 
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EXAMPLE 9 

Example 8 was repeated without decanting the sorbitol solution. The suspension thereby obtained was 
flavoured and made up to the required strength for use as an oral suspension. 

EXAMPLE 10 

1 5 Preparation of Micro-Particles Containing Erythromycin Base 

Example 1 was repeated except that theophylline was replaced by erythromycin base. The polymer 
used was a mixture of cellulose acetate butyrate and cellulose acetate phthalate in a ratio of 2:1 . The 
dissolution rate of the particles was determined and was found to be as follows: 





Time (h) 


% Release 




20 


0.5 


20 


20 




1 


30 






2 


40 






3 


55 






4 


70 




25 


5 


78 


25 




6 


87 






7 


95 





Other mixed polymers were used in the internal phase and proved successful in achieving a 100% 
release of the active ingredient from the particles formed. Examples of mixed polymers used were as 



30 follows: 30 

Poh/mer Ratio 

Cellulose acetate butyrate/polyvinylpyrrolidone 9:1 

Cellulose acetate butyrate/polyvinylpyrrolidone 4:1 

Cellulose acetate butyrate/Poly (methyl methacrylic acid) 1:1 

35 Cellulose acetate butyrate/PoJy(methyl methacrylic acid) 3:1 35 

Eudragit RS/Eudragit RL g : j 

Ethocel/polyvinylpyrrolidone 9:1 
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EXAMPLE 11 

Preparation of Theophylline Syrup suspended in a sugar solution in water (66%) so as to 

Tables 1 and 2. _ ^ ortH Tables 1 and 2 that the plasma levels after 1 0 

ft will be observed from the accompanying Rg. f^J^^ur Accordingly, the graph shows a 
hou£arenc*sign^^^ 

prolonged absorption phase with the m, 7 m ^°^™ j ^° The B P DDaren t biological half-life of theophylline 

no^uSd or immediate release theophylline. 

TABLE 1 

Blood Level Study Results-Summary of Pharmacokinetic Data 
Theophylline— 600 mg S.D. 

Plasma Levels mcg/ml 
Hours After Administration 



20 



25 SUBJ 

1 

2 



0.00 

0.00 
0.00 



1.00 

3.15 
2.90 



2.00 

4.25 

4.85 



4.00 

4.70 
5.05 



6.00 

3.45 
5.00 



8.00 

3.00 
4.30 



10.00 

2.85 
4.25 



30 



MEAN 


0.00 


3.03 


4.55 


4.88 


4.23 


3.65 


3.55 


STDEV 


0.00 


0.18 


0.42 


0.25 


1.10 


0.92 


0.99 


*CV{%) 


0.00 


5.84 


9.32 


5.08 


25.94 


25.18 


27.89 


MAX 


0.00 


3.15 


4.85 


5.05 


5.00 


4.30 


4.25 


MIN 


0.00 


2.90 


4.25 


4.70 


3.45 


3.00 


2.85 



♦Coefficient of variation 



11 
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AUC* 
(0.00— 
10.00 H) 



TABLE 2 
Theophylline— 600 mg S.D. 
Pharmacokinetic Parameters 
Peaking Peak 
Time Height Qmax)/C(min) 
T(max) C(max) at 10.00 Hours 



Elimination 
Rate 
K EL. 



Half-Life 
T 1/2 



1 


34.67 


4.00 


4.70 


1.65 


2 


43.13 


4.00 


5.05 


1.19 


MEAN 


38.90 


4.00 


4.88 


1.42 


10 STDEV 


5.98 


0.00 


0.25 


0.33 


CV{%) 


1536 


0.00 


5.08 


22^1 


Based on Mean Blood Level Curve 






MEAN 




4.00 


4.88 


1.37 


•Area under curve 









0.05 
0.03 

0.04 
0.01 
25.00 



14.51 
20.74 

17.62 
4.41 
25.00 



10 



15 EXAMPLE 12 

Theophylline Suspension 

Theophylline microparticies "Pharmasomes" (prepared as per Example 1) were suspended in a liquid 
vehicle consisti ng of: 

70% Sorbitol Solution 89.9% by weight 



16 



20 



Glycerin 

Porysorbate-80 (Trade Mark) 



10.0% by weight 
0.1% by weight 



20 



so as to give a suspension containing 200 mg theophylline per 5 ml. 

Samples of the suspension were stored at room temperature and tested at intervals to determine the 
stability of the "pharmasomes" in suspension. 
25 At the time of preparation the assayed content of theophylline was 188.4 mg/5 ml and after 15 weeks it 25 
was 190.5 mg/5 ml indicating that there had been no chemical breakdown of the drug. 

The dissolution rate was also tested over a 15 week period and the results are summarised in Table 3 in 
Fig. 4. 

In summary the data shows that the suspension retains its potency and dissolution characteristics for at 
30 least 15 weeks after preparation. 30 

Pharmacological Data 

The suspension prepared as per Example 1 2 was tested in a six subject bioavailability study at a dose of 
720 mg (18 ml) versus a conventional syrup (Somophytline) given as two doses of 360 mg at 0 and 6 hours. 
The results are summarised in Table 4 and Fig. 5. In Rg. 5 the curve (a) represents the suspension of 
35 Example 12 and curve (b) the Somophyiline syrup used as reference. 35 

TABLE 3 

Theophylline Suspension of Example 12 (200 mg/5 ml) Stability of Dissolution 

Percentage Dissolution 



40 





0.00 


1.00 


2.00 


Time (Hours) 
3.00 


4.00 


5.00 


6.00 


24.00 


40 


OWks 


0.00 


43.30 


59.20 


75.60 


80.00 


8430 


87.70 


100.00 




3Wks 


0.00 


39.50 


59.10 


70.70 


77.90 


84.20 


87.70 


99.50 




5Wks 


0.00 


40.00 


60.10 


69.80 


78.20 


85.10 


85.90 


99.00 




7Wks 


0.00 


42.00 


63.00 


79.20 


84.20 


90.00 


90.60 


100.00 




15Wks 


0.00 


45.80 


60.90 


72.50 


80.70 


84.90 


88.00 


99.90 


45 



12 
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TABLE 4 

Mean Theophylline Plasma Concentration (mcg/ml) 



10 



15 



Time (h) 


Somophyiline 


Theophylline 
Suspension 


0.0 


0.0 


0.0 


0.5 


7.98 


138 


1.0 


10.24 


3.57 


1.5 


8.68 


6.09 


2.0 


8.17 


7.31 


3.0 


7.68 


8.81 


4.0 


5.93 


9.75 


6.0 


5.25 


9.17 


6.5 


10.94 


9.75 


7.0 


11.20 


9.08 


7.5 


11.75 


&84 


ao 


1237 


9.14 


9.0 


11.98 


837 


10.0 


10.76 


7.52 


12.0 


8.99 


6.26 



10 



15 



The data clearly shows that although the theophylline suspension of Example 12 Is slightly less 20 
bioavailable (87%) than the reference, the time to peak and the duration of significant blood levels is 
fnSve of L twice daily dosage regimen. The usual dosage regimen for theophylline is four times per day. 

^SphJJine tlcropartides "pharmasomes" were prepared according to Example 1 and screened into ^ 

^ Ex^iple 13-microparticles having an average particle size of less than 90 microns 
Example 14-microparticles having an average particle size of greater than 90 microns. 
The "pharmasomes'' were suspended in a vehicle made up of: 

% by Weight 



20 



3 Q 70% Sorbitol Solution 

Avicel RC 591 (Trade Mark) 07 

Potassium Sorbate 03 

Titanium Dioxide 25% (in 70% Sorbitol) 2.7 

Simethicone (Trade Mark) 10% Emulsion 0.01 

35 Glycerin 

Citric Acid °- 3 

Sodium Lauryl Sulphate 0 04 
so as to produce a suspension containing 300 mg Theophylline per 5 ml. 



853 30 



103 3S 



13 
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Pharmacological Data 

The suspensions of Examples 13 and 14 were tested for bioavailability in four subjects at a dose of 690 
mg (1 1 5 ml) for the syrups of Examples 13 and 14 versus a conventional syrup (Somophyiline) given as two 
doses of 320 mg at 0 and 6 hours. The results are summarised in Table 5 and Fig. 6. The Rg. 6, the curve (a) 
5 represents the suspension of Example 13, the curve (b) the suspension of Example 14 and the curve (c) the 5 
Somophyiline syrup used as reference. 

TABLE 5 

Mean Theophylline Plasma Concentration— mcg/ml 

Suspension Suspension 
JO of of 10 

Time (h) Somophyiline Example 13 Example 14 

0 0 0 0 
0.5 9.53 2.65 1.98 

1 10.14 5.08 4.07 

15 1.5 9.21 6,94 6.45 1 5 

2 &64 7.16 6.81 

3 7.74 6.93 7.67 

4 6.82 7.74 7.99 

6 5.21 6.46 7.08 

20 a5 8.79 — — 20 

7 12.00 6.74 6.93 
7.5 12.01 — — 

8 12.11 6.03 6.47 



25 



9 11.61 — — 

10 10.17 535 5.82 25 

12 8.07 4.06 5.02 

15 — 2.77 4.04 

18 — 2.22 2.67 

21 2.44 1.79 1.95 

30 24 1.55 1.28 1.59 30 

The results confirm the findings for Example 12 as indicated in Fig. 7, wherein curve <a) represents the 
suspension of Example 1 2, curve (b) the suspension of Example 1 3 and curve (c) the suspension of Example 
14. 

EXAMPLE 15 

35 Paracetamol Suspension 35 

Paracetamol "pharmasomes" prepared as per Example 2 were suspended In a liquid vehicle prepared 
as per Example 12 to give a suspension containing 300 mg of Paracetamol per 5 ml. 

The suspension was stored at room temperature and tested at intervals for 30 weeks. 

At the time of preparation the assayed content was 299.8 mg (paracetamol) per 5 ml and after 30 weeks 
40 was 297.9 mg/5 ml indicating that there was no significant loss of activity. 4q 

During the above time period the dissolution was also tested and the results are given in Table 6. 
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TABLE 6 
Percentage Dissolution 



10 



OWks 
2Wks 
5Wks 
7Wks 
15Wks 
30Wks 



0.00 
€.00 
0.00 
0.00 
0.00 
0.00 
0.00 



1.00 
56.50 
58.40 
56.90 
55.30 
5830 
58.10 



Time (h) 
2.00 

70.60 

71.80 

7250 

69.10 

69.30 

71.50 



3.00 
76.00 
80.40 
77.20 
75.40 
76.78 
7650 



4.00 
813) 
81.70 
80.40 
.80.30 
80.60 
8150 



5.00 
83.80 
86.40 
83.90 
8230 
82.80 
84.70 



6.00 

8650 

8750 

84.40 

84.70 

8450 

8750 



15 



A graphic i^""^ a dose of 1000 mg versus a reference 

soluSX^I^ 
are given in Table 7. 

y TABLE 7 

Mean Paracetamol Plasma Concentrations (mcg/ml) 



20 



25 



30 



Time (h) 


Reference 
(Dozol) 


Suspension of 
Example 15 


0.0 


0.0 


0.0 


0.5 


7.74 


3.44 


1.0 


6.49 


6.05 


2.0 


4.14 


756 


3.0 


3.04 


5.80 


4.0 


2.04 


4.60 


6.0 


1.08 


3.15 


65 


553 


2.65 


7-0 


558 


2.26 


8.0 


4.79 


1.88 


9.0 


4.00 


1.63 


10.0 


3.05 


1.44 


1Z0 


1.81 


1.06 


14.0 


1.10 


0.72 


16.0 


0.69 


0.49 


24.0 


0.18 


0.14 



35 Agra phic re prasentationisgi W ninR9.9,where.ncurve(a) re presentsthesuspension 0 fExample15 

refer^c^e blood level is maintained for almost twice as long equatmg to halvng of the dosage 
frequency. 



15 
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EXAMPLE 16 

"Pharmasomes" were prepared as per Example 2 and suspended in liquid as per Example 13 so as to 
give a suspension containing 320 mg per 5 ml. This suspension was tested for bioavailability in 6 subjects 
using a conventional (Tylenol (Trade Mark)) Elixir as reference. A single dose of paracetamol 
5 "pharmasomes" 2000 mg (31.25 ml) was administered and two doses of Tylenol (1000 mg) at 0 and 6 hours. 5 
The results are given in Table 8. 



TABLE 8 

Mean Paracetamol Plasma Concentrations (mcg/ml) 







Reference 


Suspension of 




10 


Time (h) 


(Tylenol Elixir) 


Example 16 


10 




0.0 


0.0 


0.0 






0.5 


1433 


8.27 






1.0 


14.05 


15.09 






2.0 


6.69 


1434 




15 


3.0 


6.95 


13.24 


15 




4.0 


4>93 


11.53 






4.5 


15.53 


9.52 






5.0 


14.67 


8.08 






ao 


12.72 


6.10 




20 


7.0 


8.92 


4.43 


20 




8.0 


&61 


3.54 






10.0 


3.64 


Z43 






12.0 


2.17 


1.10 






14.0 


131 


1.10 




25 


16.0 


0.77 


0.68 


25 




24.0 


0.02 


0.17 





The results are presented graphically in Figure 10 wherein curve (a) corresponds to the suspension of 
Example 16 and curve (b) corresponds to the reference Elixir. The prolonged absorption profile again can be 
seen with no significant loss in bioavailability, indicating a reduced dosage frequency. 

30 EXAMPLE 17 30 
"Pharmasomes" were prepared as per Example 2 with cellulose acetate being substituted for the 
cellulose acetate butyrate. The suspension was prepared as per Example 1 6. The suspension was tested in a 
6 subject bioavailability study at a single dose of 2000 mg against a reference solution (Tylenol Elixir) given 
as two 1000 mg doses. The results are given in Table 9. 
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TABLE 9 

Mean Paracetamol Piasma Concentrations (mcg/ml) 



10 



15 



20 



Time (h) 


Tylenol Elixir 
1 gx2 


Suspension of 
Example 17 
2 gx1 


R 
O 


0.0 


0.00 


0.00 




0.5 


1230 


5.11 




0.75 


12.88 


7.07 




1.0 


12.29 


9.15 




1.5 


10.17 


12.01 


10 


2.0 


8.19 


12.47 




3.0 


6.00 


11.17 




4.0 


4.35 


9.40 




4.5 


13.54 


8.37 




4.75 


14.00 


8.04 


1 c 
19 


5.0 


13.02 


7.55 




5.5 


13.09 


6.57 




6.0 


11.20 


5.71 




7.0 


8.17 


4.54 




ao 


5.98 


3.76 


20 


10.0 


3.42 


2.66 




12-0 


1.98 


1.60 




14.0 


1.24 


1.03 




16.0 


0.82 


0.83 




24.0 


0.26 


039 


2S 



_ B finures ajve n in Table 9 and accompanying Figs. 1 1 and 1 2 again demonstrate the prolonged 
The figures grven in i anie a £ y , , corresponds to the suspension of Example 19 and 

S^tSiKS^Si^ <*> co-ponds to ^suspension of Examp»e 15. 

ZZt S) To thl suspension of Example 1 6 and curve (c)tothe suspension of Example 17. 

30 EXAMPLE 18 •„„ ^nmnartirJf-: of Asfiartame were prepared in the following manner. 

,nn ^Sfon aT^me (Particle size leJthan 60 microns) was dispersed in 300 g of acetone. 
r^ISuS wenJSen m£ed by mechanical agitation. The external phase was prepared according to 
n VlZ^T^beZ Quired. The internal and external phase were mixed by mechan.calag.tation and 
35 Exannplel.2 J^^^^^ emu , sio n was placed in a vacuum and the solvents (acetone and 
iSSZZtSS* TleCaSme/ethy.ce.lu.ose micropartic.es were harvested by centrifugation 
* h 7o l e rrthVA?partame<ontaining "pharmasomes", unsweetened chewing 0™ ~ Pure 
a nnrtnme Dowder and the prepared "pharmasomes" were folded into the gum so as to give a 0.2% 
40 ^rtioCfAspaime.^ 

^Tr manner The volunteers were asked to report their perception of the intensity (on a scale of 0 to 
^n^Son sweetness. On average the duration of sweetness for the pure Aspartame^ntam.ng 



30 



35 



40 



17 
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gum was 1 0 minutes. The gum containing the "pharmasomes" was perceived as being less intensely sweet 
but observably sweet for 30 minutes on average. The results are indicated in Fig. 13 which is a graphic 
representation ofthe Aspartame sweetness test giving mean values for the testing panel of 24 volunteers. 

EXAMPLE 19 

5 Chewable Tablet Containing Paracetamol 5 
The following materials were mixed together: 

1000 g Paracetamol "pharmasomes" — as per Example 2 {equivalent to 500 g of Paracetamol) 
250 g Dipac {Trade Mark) (Sucrose 97%, Dextrin 3%) 
250gMannitol 

10 5 g Colloidal Silicon Dioxide 10 
25 g Maize Starch 
20 g Magnesium Stearate 
15 g Orange Flavour 
35 g Orange Colour 

1 5 The blend was compressed at a weight of 960 mg into tablets each containing 300 mg of Paracetamol. 1 5 
The tablets were pleasant to chew and the dissolution characteristics ofthe "pharmasomes" were 
unchanged as shown in Table 10 and Rg. 14. 

TABLE 10 
Dissolution Rate 



Time (h) "Pharmasomes" Tablets 20 



1 58.7% 59.2% 

3 79.8% 80.7% 

6 95.6% 95.8% 

In Rg. 14 curve (a) corresponds to the dissolution pattern ofthe "pharmasomes" of Example 19 and 
25 curve (b) tu the chewable tablets prepared therefrom. 

EXAMPLE 20 

"Melt" Tablets Containing Paracetamol 

Melt tablets are similar to chewable tablets except that they disintegrate rapidly in the mouth and do 
not need to be chewed. Such tablets were prepared as follows: 



30 1000 g Paracetamol "pharmasomes" (as per Example 2) (equivalent to 500 g Paracetamol) 3q 
50 g Mannrtol 
250 g Mtcrocrystalline Cellulose 
30 g Strawberry Flavour 
15 g Red Colour 

35 60 g Cross-Povidone 35 
5 g Sodium Lauryl Sulphate 
30 g Carboxymethyl starch 
1 5 g Magnesium Stearate 
15 g Talc 

40 The blend was compressed at a weight of 882 mg to give tablets each containing 300 mg of 40 
Paracetamol. The disintegration time of the tablets was less than 30 seconds and the dissolution rate ofthe 
"pharmasomes" was unchanged as indicated in Table 1 1 and Rg. 1 5. 

TABLE 11 
Dissolution Rate 



45 Time (h) "Pharmasomes" Tablets 45 

1 58.7% 60.1% 

3 79.8% 81.2% 



6 



95.6% 



95.5% 
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,n Fig. 1 5 curve (a) corresponds to the dissolution pattern forthe "pharmasomes" of Example 20 and 
curve (b) to the mett tablets prepared therefrom. 
EXAMPLE 21 . 

Capsules Containing Nrfedipine _ .„ - - ^ ^ w were free flowing and only 0.5% 5 

5 "Pham.a*>mes"wen^ 

magnesium stearate ^*»*^* P ™^^^^Mn «P^es.Tne dissolution rate 

of Nrfedipine was encapsulated nto sus No 4, two F~M»g ^ corresponds to the dissolution 

TABLE 12 10 
10 Dissolution Rate 

Time (h) "Pharmasomes" Capsules 



0.5 42.6% 41.7% 

t 56.1% 54.9% 



15 



3 74.6% 73.6% 15 

5 85*% 84.4% 

8 98.7% 97-6% 



20 



KjSSSSTbe achieved even when an insoluble polymer ,s used. 
EXAMPLE 22 

a coSon^^S chloride of 300 mg/5 ml and which in addition to the "pharmasomes ^ 
25 contained the following ingredients: 



30 



35 



Oil USP (Soy, cotton seed) 


425.00 mi 


Sorbitol Powder USP 


100.00 g 


Aerosil R972 (Trade Mark) 


12.50g 


Tenox GT1 (T rade Mark) 


0.20 g 


Citric add 


0.025 g 


Chocolate flavour # 396676 


0.52 ml 


Chocolate mint flavour # 395496 


0.37 ml 


Flavour enhancer 


1.00 g 


Brown Lake dye 


0.05 g 


Titanium dioxide 


0.10 g 



30 



35 



46 Wentol ttsS*' wHhtheoilmMun.resultii.ginsnevenlymixeasuspension. 



40 



45 



19 
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I A controlled release powder containing discrete micro-particles for use in edible, pharmaceutical and 
other controlled release compositions, said powder comprising particles containing an active ingredient 
and optionally an excipient in intimate admixture with at least one non-toxic polymer, each of said particles 

5 being in the form of a micromatrix with the active ingredient and the excipient if present, uniformly 5 
distributed throughout the polymer, said particles having an average size in the range 0.1 to 125 urn, and 
having a predetermined release of active ingredient when the dissolution rate thereof is measured 
according to the Paddle Method of U.S. Pharmacopoeia XX at 3T*C and 75 r.p.m. 

2. A controlled release powder according to claim 1, wherein the particles have an average size in the 

10 range 5 to 1 00 um. . „ 10 

3. A controlled release powder according to claim 1 or 2, wherein the active ingredient is a drug, a 
nutrient, a flavouring agent or a sweetening agent 

4. A controlled release powder according to Claim 1 or 2, wherein the active ingredient is a colouring 
agent a fragrance, a herbicide or a pesticide. . _ 

15 5 A controlled release powder according to any one of claims 1 to 4, wherein the polymer is selected «j 5 
from- alkyl celluloses, hydroxyalkyi celluloses, cellulose ethers, cellulose esters, nitro celluloses, polymers 
of acrylic and methacrylic acids and esters thereof, polyamides, polycarbonates, polyalkylenes, 
Dorvalkylene glycols, poh/alkylene oxides, polyalkylene tBrephthalates, polyvinyl alcohols, polyvinyl ethers, 
polyvinyl esters, polyvinyl halides, polyvinylpyrrolidone, poiyglycolides, poh/siloxanes and polyurethanes 

20 and co-polymers thereof. 20 
a A process for preparing a controlled release powder according to any one of claims l to 5, which 
comprises the steps of: 

a) forming a solution of the polymer or polymers in a solvent; 

b) dissolving or dispersing the active ingredient in said polymer solution so as to form a uniform 

• and 

25 m,X ^ r ^ r ^^ vjng solvent from the mixture so as to obtain micro-particles having an average size in the 

r3n9 7. A proc^ according to claim 6, wherein the particles obtained have an average size in the range 5 to 

30 1 °° ITa process according to claim 6 or 7 wherein the solvent is selected from water, alcohols, ketones, 30 
halogenated aliphatic compounds, halogenated aromatic hydrocarbon compounds, aromatic hydrocarbon 
compounds and cyclic ethers or a mixture thereof, and the solvent is removed in step (c) by spray drying, 
use of an external liquid phase, phase separation, interfacial polymer deposition or coacervation. 

9. A pharmaceutical composition containing a controlled release powder according to any one of 

35 claims 1 to 5. • _ 35" 

10. A pharmaceutical composition containing a controlled release powder according to any one of 
Claims 1 to 5, and which is in the form of tablets, capsules, suppositories, implants or ocular inserts. 

I I A pharmaceutical composition according to Claim 9, which is in the form of chewable tablets or melt 
tablets. 

40 12. A pharmaceutical composition containing a controlled release powder according to any one of 40 
claims 1 to 5, and which is in the form of a cream, an ointment or a formulation suitable for transdermal 

delivery. ' ,. . x 

13. A pharmaceutical composition containing a controlled release powder according to any one ot 
claims 1 to 5, and which is in the form of a liquid for oral, local or parenteral administration. 
45 14. A pharmaceutical composition according to claim 13, which is in the form of eye drops, nasal drops, • 46 
ear drops, a suspension, a syrup, or an infusion or injectable solution. 

15. A pharmaceutical composition according to any one of claims 9 to 14, wherein the active ingredient 
is selected from: ibuprofen, paracetamol, 5-ami no-sal icy lie acid, dextromethorphan, propranolol, 
theophylline, diltiazem, methyldopa, pseudoephedrine, cimetidine, cephalexin, cephaclor, cephradine, 
50 naproxen, piroxicam, diazepam, diclofenac, indomethacin, amoxycillin, pivampicillin, bacampicillin, 50 
dicloxacillin, erythromycin, lincomycin, codergocrine mesylate, doxycycline, dipyridamole, frusemide, 
triamterene, sulindac, nifedipine, atenolol, erythromycin stearate, lorazepam, glibenclamide, salbutamol, 
trimethoprim/sulphamethoxazole, spironolactone, carbtnoxamine maleate, guaiphenesin and metoprolol 

• tartrate. 

55 16. A phaTmaceutical composition according to Claim 9 for oral administration, whareih the active 55 

* ingredient is theophylline. 

17. A pharmaceutical composition according to Claim 9 for oral administration, wherein the active 
ingredient is paracetamol. 

18. A pharmaceutical composition according to Claim 9 for oral administration, wherein the active 

60 ingredient is potassium chloride. 60 

19. A controlled release powder according to claim 1, substantially as hereinbefore described with 
reference to the Examples. 

20. A process according to Claim 6 for preparing a controlled release powder, substantially as 
hereinbefore described with reference to the Examples. 
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^AcontroHedreieasepowd^^ 
^ApharmacBUtica.compos^^ 

reference to the Examples. . d non -human animals which is substantially free 5 

,tt |^ 1 ora.fbrn^ 
10 teb '^e^bTegumwhi*« ) r rt ains 

20 ° ai ^An% 3 nSbtoticformu.ation according to Oaim 28, wherein the powder is in the form of a 
n ° n rranSct°niu.^ 

25 ^t^lformu^^ " 
*■ SESUb gum according to Cairn 25, sobstentia.ly as hereinbefore described with reference to 

^Anon^q^^ 30 
30 A^lS'Sase antibiotic formulation according to Cairn 28, substantially as hereinbefore 
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